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0 Composition for revitalizing scar tissue. 



@ A composition is provided tliat is effective in 
revitalizing scar tissue by introducing a bioactive 
substance having angiogenic activity into the scar 
tissue. The bioactive substance can be introduced 
by itself, or it can be introduced into the scar tissue 
in a timed release form. The present invention is 
effective in treating stress urinary incontinence or 
localized muscular dysfunction. 
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Technical Field 

The present invention relates to a composition 
and to the use of this composition for preparing a 
drug for revitalizing scar tissue. More particularly, 
the invention relates to a composition for treating 
localized muscular dysfunction due to scarring fol- 
lowing surgery, irradiation, laceration, burns or in- 
fections by introducing a controlled release, bioac- 
tive substance having angiogenic activity into the 
scar tissue. Potential applications for this invention 
include, but are not limited to. treating urinary 
incontinence, dermal scars, vocal cord injury, and 
esophageal injury. 

Background of the Invention 

The term "revitalize" as used herein means to 
restore vascularization and elasticity to tissue hav- 
ing been injured and scarred. The term "injury" as 
used herein means a wound caused by surgery, 
irradiation, laceration, toxic chemicals, viral infec- 
tion or bacterial infection. The term "scar tissue" 
means fibrotic or collagenous tissue formed during 
the healing of a wound or other morbid process. 
Scar tissue is fibrotic tissue made up mostly of 
disorganized collagen fibrils and is formed follow- 
ing injury or inflammation of local tissues. The term 
"controlled release matrix" means any composition 
which will allow the slow release of a bioactive 
substance which is mixed or admixed therein. The 
matrix can be a solid composition, a porous ma- 
terial, or a semi-solid, gel or liquid suspension 
containing the bioactive substance. The term 
"implant" means introduction of the bioactive 
material/matrix by means of injection, surgery, 
catheters or any other means whereby the bioac- 
tive material is introduced into the scar tissue. The 
bioactive material and matrix can also be implanted 
or injected proximate to the scar tissue so long as 
a significant amount of the bioactive material is 
able to enter the scar by direct diffusion to induce 
the angiogenic process into the scar. The term 
"bioactive material" means any angiogenic com- 
position that will promote vascularization and revi- 
talization of scar tissue when used in accordance 
with the present invention. 

Scar tissue is fibrotic tissue composed mostly 
of disorganized collagen fibrils. It is tissue that is 
poorly vascularized, poorly innervated, and inelas- 
tic. Due to its lack of innervation and inelasticity, 
scar tissue is readily susceptible to repeated injury. 
After injury, scar tissue is slow to heal because of 
its poor vascularization. 

When the normal cellular elements and ex- 
tracellular matrix of damaged tissue are replaced 
by a distorted accumulation of scar tissue, the 
normal function of the tissue is lost. The formation 



of scar tissue can create localized muscular dys- 
functions or inhibit a variety of physiological func- 
tions. A scar that causes deformity or impairs the 
function of an extremity is termed a "vicious cicia- 
5 trix." For example, many male patients suffering 
from urinary incontinence have had prostectomies. 
Many female urinary incontinent patients have also 
been treated surgically or with irradiation prior to 
the development of incontinence. Surgery and irra- 
w diation tend to leave residual scar tissue at the site 
which has been irradiated or near anastomoses. 
The scar tissue which replaces normal periurethral 
tissue reduces tissue elasticity and causes incom- 
plete urethral coaptation which can inhibit bladder 

;5 control, resulting in incontinence. 

Physicians have attempted to stretch and bulk 
scar tissue to restore the physiological function of 
the tissue by injecting inert materials, such as 
collagen and Teflon® paste, into the scar. However, 

20 because scar tissue is hard and inelastic, it cannot 
accommodate a large quantity of biomaterial. Injec- 
tion of inert material into the scar tissue will stretch 
and bulk the scar tissue slightly, but eventually 
leakage results. Furthermore, the inert materials 

25 injected into the scar tissue increase the mass of 
the scar tissue, but they do not increase the elas- 
ticity of the tissue because they do not promote 
vascularization or infiltration of fibroblasts. 

Researchers have focused primarily on devel- 

30 oping methods and compositions which promote 
wound healing and minimize scarring and asso- 
ciated problems, rather than revitalize the scar tis- 
sue itself. For example, a patent issued to Gottlieb, 
U.S. Patent No. 4,191,751, discloses a method for 

35 promoting the growth of new connective tissue over 
a surface wound wherein at least a portion of the 
epithelium has been damaged or removed. The 
patent describes a composition comprising finely- 
divided collagen and fibrin stabilizers which is ap- 

40 plied to a surface wound to promote the growth of 
new connective tissue over the surface wound. 

As another example, the patent to Gottlieb, 
U.S. Patent No. 4,1.67,945, discloses a method for 
grafting a surface of donor tissue to a recipient 

45 tissue surface comprising the steps of coating a 
freshly exposed recipient tissue surface with the 
composition disclosed in Gottlieb '751. Neither 
patent discloses introducing the composition into 
scar tissue or using the composition to revitalize 

50 scar tissue. 

Implants of similar compositions have previous- 
ly been used to promote healing. Two patents 
issued to Vallee et ai, U.S. Patent Nos. 4,952.403 
and 4,952,404. disclose the use of bioactive im- 

55 plants to promote the healing of avascular tissue 
by providing an effective dose of an angiogenic 
factor in proximity to the injured tissue. The tissues 
listed in the patents include fibrocartilage. such as 
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the meniscus of the knee or thl^^st or the end of 

the clavicle, or of ihe temporomandibular joint, all 
of which are resistant to vascularization after either 
accidental injury, such as laceration or tearing, or 
after deliberate surgical incision. Specifically. Val- 
lee '403 is directed to a composition comprising 
an angiogenic peptide and a pharmaceutically ac- 
ceptable carrier and Vallee '404 is directed to a 
method of promoting healing of avascular tissue of 
a meniscus by implanting the composition compris- 
ing an angiogenic peptide and a pharmaceutically 
acceptable carrier. Neither patent discloses revi- 
talizing scar tissue for the purpose of treating in- 
continent patients by injecting active biomaterials 
which would promote revascularization and 
fibroblast infiltration into the scar tissue. 

Implants of inert biomaterials have previously 
been used for improving the appearance of scar 
tissue. In a patent issued to Gottlieb, U.S. Patent 
No. 4,061.731. use of an implant of inert biological 
material to correct the appearance of a scar is 
described. Gottlieb '731 discloses compositions 
useful for the repair of depressed cutaneous scars 
that are characteristic of acne vulgaris. These 
compositions include finely-divided collagen and 
fibrin stabilizers such as gelatin sponge, 
aminocaproic acid and 4NH2CH2(CH2)4COOH- 
CaX2. The compositions are injected beneath the 
acne scar. The motivation behind the invention 
disclosed in Gottlieb V37 is to build up or bulk the 
tissue under an acne scar, thereby reducing the 
depression caused by the scar. The inert material 
injected into the scar does not revitalize the scar 
tissue. 

Implants of inert matrices containing cytotoxic 
drugs have also been used to treat abnormal cel- 
lular growths. The patent issued to Luck, U.S. 
Patent No. Re. 33.375. discloses a proteinaceous 
composition of collagen or fibrinogen containing a 
cytotoxic drug or a proliferation inhibitor. Luck is 
directed to a method of treating cellular disorders 
involving abnormal cellular growths by introducing 
the proteinaceous composition of collagen or 
fibrinogen containing a cytotoxic drug or a prolif- 
eration inhibitor at the site of the disorder. Luck 
does not disclose the revitalization of scar tissue 
for the purpose of treating incontinence by apply- 
ing bioactive materials to or into the scar tissue. 

A method of preparing biodegradable collagen- 
based materials in sponge or sheet form is dis- 
closed in Silver et ai. U.S. Patent No. 4.703.108. 
Silver describes using the matrix for short term 
drug release in internal wounds but does not de- 
scribe using the matrix to revitalize scar tissue. 

Patents issued to Yamabira et al., U.S. Patent 
No. 4.774.091. and Fujioka et al., U.S. Patent No. 
4.849.141. describe methods of preparing sus- 
tained release biodegradable formulations. 



Yamahira '091 disi^Ss a solid sustained-release 
preparation in the form of a needle-like or bar-like 
shape which consists essentially of an active ingre- 
dient and a pharmaceutically acceptable biodeg- 
5 radable carrier. These carriers can be proteins 
such as collagen or gelatin, and mixtures thereof. 
Yamahira '091 describes various active ingredients 
which can be used in the described invention in- 
cluding tissue plasminogen activator, prostaglan- 
10 dins, prostacyclines, various bio-hormones, inter- 
ferons, interleukins, tumor necrosis factor and 
some other cytokines. However, Yamahira '091 
does not teach revitalizing scar tissue in incontinent 
patients by injecting biomaterials which promote 
75 the revascularization of the scar tissue. In fact, 
Yamahira '091 teaches preparing a solid 
sustained-release preparation in the form of a nee- 
dle or bar shape. It would be difficult to inject such 
a device into a solid tissue such as scar tissue. 
20 Fujioka '141 discloses a method for preparing 
a sustained released formulation utilizing collagen 
and/or gelatin as a carrier, similar to the invention 
disclosed in Yamahira '091. Fujioka '141 dis- 
cusses a time release formulation that has a variety 
25 of sizes and shapes including a liquid suspension 
of powder in a suitable solvent. However, there is 
no discussion in Fujioka '141 of treating incon- 
tinent patients by injecting bioactive biomaterials 
which promote the revascularization of the scar 
30 tissue. 

The prior art discloses a wide variety of time 
release compositions for the slow release of var- 
ious biologically active compounds. These methods 
and. compositions are primarily directed towards 
35 either promoting healing of injured tissue or killing 
- or inhibiting the growth of unwanted cells, such as 
cancer cells. However, the compositions and meth- 
ods of the prior art do not address revitalization of 
scar tissue. 

40 Thus, the object of the present invention is to 

provide a pharmaceutical composition of treating 
established scar tissue to alleviate its physiologi- 
cally limiting effects and to restore at least a de- 
gree of normal function to the tissue. 

45 This object has been attained by a pharmaceu- 

tical composition for revitalizing scar tissue in a 
human or animal comprising a bioactive material 
selected from naturally occurring growth factors, 
active peptide segments of various growth factors, 

50 synthetic growth factors and admixtures thereof. 

In a preferred embodiment of the present in- 
vention the composition additionally comprises a 
pharmaceutically acceptable controlled release ma- 
trix selected from collagen, gelatin, albumin, chon- 

65 droitin sulfate, hyaluronic acid, heparin, oxidized 
cellulose, dextran. polyglycolic acid, polylactic acid 
and polyanhydride. whereby the bioactive material 
is immobilized In the matrix and is present in an 
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amount of 0.01-35% by weight based on the total 
weight of bioactive material and matrix. 

The ptiarmaceutical compositions according to 
both embodiments of the present invention are 
preferably admixed with a liquid carrier to form an 
injectable medical device, whereby the composition 
is present in an amount of 0.001 - 23 % by weight 
based on the total weight of the mixture. 

The carrier is selected from aqueous solutions, 
glycols, nonionic dispersing agents, natural or syn- 
thetic oils, alcohols and their combinations. 

Aqueous solutuions are preferably water, buffer 
and physiological saline. 

Glycols are preferably glycerol, propylene glycol, 
polypropylen glycol and polyethylene glycol. 
Nonionic synthetic oils include cod liver oil. silicone 
fluid, vegetable oil. polyoxyethylene glycol esters 
of fatty acids, fatty acids and phospholipids. 
Alcohols include ethanol and others. 

In accordance with the present invention, a 
composition and method is provided that is effec- 
tive in revitalizing scar tissue. The present inven- 
tion is effective in treating localized muscular dys- 
function resulting from scarring. The present inven- 
tion is also effective in treating stress urinary incon- 
tinence. 

The present invention embodies injecting into 
or proximate to scar tissue a composition compris- 
ing a bioactive material immobilized in a matrix for 
controlled release. Release of immobilized bioac- 
tive material into the scar tissue promotes 
vascularization of the tissue. The release of bioac- 
tive material can be slow or fast, depending upon 
the nature of the scar tissue. Eventually, the im- 
plant and the scar tissue is vascularized and infil- 
trated by fibroblasts, or the implant is replaced by 
blood vessels or fibroblasts thereby making the 
scar tissue more elastic and normal. For example, 
by revitalizing the scar tissue after a prostectomy, 
incontinence can be minimized. 

The present invention can be used in any 
condition wherein the revascularization of scar tis- 
sue is desired. This includes treatment of scar 
tissue after surgery or injury to the gastrointestinal 
tract, epidermis, cardiac muscle, or other organs. 
The present invention can also be used to treat 
vascular and nerve scars or dysfunction. 

Bioactive materials that can be used in the 
present invention include, but are not limited to, 
growth hormones, growth factors, biologically ac- 
tive segments of growth factors, angiogenic com- 
positions, polysaccharides, or mixtures thereof. 

It Is an advantage of the present invention that 
a composition for revascularizing damaged tissue 
is provided. 

It is another advantage of the present invention 
that a composition which promotes filtration of 
fibroblast cells into damaged tissue is provided. 



It is another advantage of the present invention 
that a composition in which bioactive material in- 
jected into tissue would have a longer half-life 
within the scar tissue is provided. 
5 It is another advantage of the present invention 

that a composition for treating rectal incontinence 
is provided. 

It is another advantage of the present invention 
that a composition for treating scarring of voice 
10 cords is provided. 

It Is another advantage of the present invention 
that a composition for treating scar tissue in the 
esophagus and esophageal sphincters is provided. 
It is another advantage of the present invention 
75 that a composition in which the activity of the 
biomodulators are site-specific and adverse sys- 
temic effects are minimized is provided. 

It is another advantage of the present that a 
composition useful for treating muscular dysfunc- 
20 tions caused by the accumulation of scar tissue is 
provided. 

It is another advantage of the present invention 
that a composition useful for treating dysfunctions 
caused by the accumulation of scar tissue is pro- 
ps vided. 

It is another advantage of the present invention 
that a composition useful for treating stress urinary 
incontinence is provided. 

It is a further advantage of the present inven- 
30 tion that a composition for treating urinary incon- 
tinence following prostectomy or irradiation is pro- 
vided. 

It is another advantage of the present invention 
that a composition useful for treating impotence 
35 caused by the accumulation of scar tissue is pro- 
vided. 

In accordance with the present invention, a 
composition and method are provided that are ef- 
fective in revitalizing scar tissue. The present in- 
40 vention is effective in treating dermal scars, stress 
urinary incontinence, vesicoureteral reflux, rectal 
incontinence, esophageal scarring, esophageal 
sphincter scarring, scarring of the voice cords, or 
localized muscular dysfunction. The present inven- 
ts tion can also be effective in treating hardened 
capsules usually formed around foreign-body im- 
plants such as mammary implants, penile implants, 
and artificial urinary sphincters. 

Revascularization and introduction of normal 
50 cellular elements, such as fibroblast cells, to scars 
can actually "revitalize" the tissue, i.e.. expand, 
soften, and restore elasticity to the hardened scars. 
For example, in the case of urinary incontinence 
caused by periuretheral scar tissue, by repeating 
65 the injection of specific bioactive biomaterials, the 
scar tissue can be expanded to achieve urethral 
coaptation and relieve the incontinence. Alternative- 
ly, the bioactive material can be incorporated into a 
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delivery substance for slow r'^Mse into the scar 
tissue, thereby reducing the required number of 
injections. 

The present invention comprises a composition 
which will slowly release a bioactive material, there- 
by promoting the vascularization and infiltration of 
fibroblasts into the scar tissue. The composition 
may comprise a matrix which will allow the slow 
release of a bioactive material that is incorporated 
therein. 

Preferably the composition comprises a bio- 
logically active growth factor, a biologically active 
angiogenic factor and a pharmaceutically accept- 
able controlled release matrix. 

The compositions of the present invention can 
be injecting into or proximate to scar tissue, there- 
by promoting the vascularization and infiltration of 
fibroblasts into the scar tissue. 

It is to be understood that the phrase "injecting 
into" means injecting the bioactive material either 
into a scar tissue or proximate to the scar tissue. 

In addition, it is contemplated the step of in- 
jecting bioactive materials directly into or proximate 
to scar tissue without a matrix carrier. If the bioac- 
tive materials are injected directly into or proximate 
to scar tissue, multiple injections will be required. 
The number of injections will depend upon how 
fast the scar tissue is revitalized. The bioactive 
material is dissolved in an appropriate buffer at a 
dose that is effective in revitalizing the scar tissue. 

Examples of bioactive materials which can be 
used in the present invention include, but are not 
limited to: (1) pituitary or synthetic growth hor- 
mones, (2) growth factors. (3) active fragments of 
growth factors, (4) fibronectin, (5) materials com- 
posed of a matrix and growth factors (or active' 
segments of growth factors), (6) interleukins, and 
(7) materials or synthetic compounds which pro- 
mote the revascularization and infiltration of 
fibroblast cells into the scar tissue. Pituitary growth 
hormones, both natural or synthetic, have broad 
effects on various organs and tissues. Generally 
speaking, a growth factor has more specific biologi- 
cal effects on limited types of cells, tissues or 
organs which possess the corresponding cell sur- 
face receptor. For example, nerve growth factor 
induces the regeneration of peripheral nerve cells. 
(For a general review of angiogenisis. please see 
Maciag. T., Molecular and Cellular Mechanisms 
of Angiogenesis, IMPORTANT ADV. ONCOL, pp. 
85-98, 1990.) Mixtures of different bioactive materi- 
als can be used in practicing the present invention. 

Specific examples of bioactive materials which 
can be used with the present invention include, but 
are not limited to, pituitary growth hormones (hGH 
and bGH) and various growth factors such as 
fibroblast growth factors (FGF). insulin-like growth 
factors (IGF), platelet-derived growth factors 
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(PDGF), and transIWning growth factors, including 
transforming growth factor alpha and beta. The 
bioactive materials which can be used with the 
present invention also include active peptide seg- 
5 ments of various growth factors, e.g.. binding site 
peptides (or dormants) of growth factors, which 
bind the receptors of fibroblast or other cells. 
Bioactive materials also include angiogenic syn- 
thetic peptides having biological activities similar to 
70 growth factors. Gly-His-Lys (GHK), Gly-Arg-Gly-Asp 
(GRGD) and Arg-Gly-Asp (RGD) are examples of 
synthetic peptides. 

Additionally, vitamin A and complexes of cop- 
per ions chelated by peptides, polysaccharides or 
75 organic chelating agents, fibronectin, prostaglondin 
E, or other compounds, can also act as bioactive 
materials. Any of the above mentioned bioactive 
materials can be used alone or as mixtures thereof. 
It is to be understood that the selection of 
20 bioactive material is not critical to the present in- 
vention. It is well within the knowledge of one of 
ordinary skill in the art to select suitable angiogenic 
substances to practice the present invention. 

Suitable biodegradable matrices that can be 
25 used in the present invention include, but are not 
limited to, collagen, gelatin, albumin, chondroitin 
sulfate, hyaluronic acid, heparin oxidized cellulose, 
dextran, polyglycolic acid, polylactic acid, polyan- 
hydride, or the like. 
30 Bioactive materials can also be cross-linked to 

each other to serve as their own matrix for con- 
trolled release purposes. These substances can be 
used atone or in any combination of two or more 
thereof. Methods of preparing biodegradable ma- 
35 trices can be found in U.S. Patent No. 4.774,091, 
U.S. Patent No. 4,703,108. and U.S. Patent No. 
4,849.141. 

When the matrix is degraded by the body, the 
active components are gradually released. Simulta- 
40 neously, angiogenesis, fibroblast infiltration, colla- 
gen production, proteoglycan production, and 
chemoattractant activity increase at the implant 
site. 

Non-biodegradable matrices can also be used 
45 in the present invention. When a non-biodegrada- 
ble matrix is used according to the present inven- 
tion, the composition with the bioactive material 
distributed in the non-biodegradable matrix is in- 
jected into the scar tissue. The bioactive material 
50 then diffuses out of the matrix, thereby causing 
vascularization of the scar tissue. Non-biodegrada- 
ble carriers include compounds such as Dacron®. 
polyethylene glycol diacrylate polymers, silicone, 
porous metals, poiyHEMA^, polyurethane, poly- 
55 ethylene, and polycarbonate, among others. 

The preferred matrices for use in the present 
invention are the biodegradable matrix comprising 
collagen, gelatin, albumin, . chondroitin sulfate. 
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hyaluronic acid, heparin, oxidized cellulose, dex- 
tran. polyglycolic acid, polylactic acid, polyan- 
hydride. or a mixture thereof. Collagen is a protein 
derived from connective tissue of animals. It has 
less antigenicity than many other proteins and 
hence has been used widely in human applications. 
Gelatin, a protein derived from collagen, is a high 
molecular weight protein which has the properly of 
being convertible between liquid and gel forms. 
Gelatin has also been used extensively in human 
therapeutic applications. 

The bioactive materials are immobilized in a 
matrix to allow sustained release and site specific 
action. The bioactive materials may be either 
covalently bonded to the matrix or ionically bonded 
to the matrix. The matrix itself can be either a 
biodegradable polymer/biopolymer or a nondeg- 
radable polymer. The covalent cross-linkers can be 
any of bi-functional cross-linking molecules, includ- 
ing, but not limited to, gluteraldehyde, divinytsul- 
fone. diisocyanate, cyanogen bromide activated 
cellulose, and 1. 1 carbonyl dimidazol activated 
polyethylene glycol. The covalent cross-linking 
bonds between the bioactive material and the ma- 
trix or between bioactive molecules can also be 
formed by UV or gamma irradiation. The bioactive 
materials can be immobilized by ionic coupling to a 
matrix or to themselves. The bioactive materials 
can also be encapsulated with or without covalent 
and/or ionic bonds. One example is the liposome 
encapsulated insulin-like growth factor. Bioactive 
materials can also be cross-linked to each other for 
sustained release. 

The preferred method of introducing the con- 
trolled release composition comprising matrices 
containing bioactive materials Is by injection. The 
controlled release composition is injected prefer- 
ably at multiple sites until the scar tissue is uni- 
formly infiltrated with the controlled release com- 
position. Usually, the controlled release composi- 
tion needs to be administered only once. However, 
in some cases, a second or third administration 
may be necessary to achieve desired results. The 
controlled release composition may also be admin- 
istered by implanting the composition surgically 
when injection is not practical. 

Alternatively a composition comprising the 
bioactive material without a controlled release ma- 
trix is multiply injected into the scar tissue. This 
kind of application is also suitable for treating uri- 
nary incontinence. 

In a preferred embodiment of the present in- 
vention, human growth hormone (hOH) is injected 
locally into periurethral tissues at or near pelvic 
floor muscles, using the controlled release mecha- 
nism described above, to treat stress urinary incon- 
tinence. hGH stimulates the synthesis of chon- 
droitin sulfate and collagen as well as the excretion 



of hydroxyproline. The dose of human growth hor- 
mone will depend upon the source of the protein 
but is easily determined by one of ordinary skill in 
the art 

5 This invention is further illustrated by the fol- 

lowing examples. 

Example 1 

10 An example of utilizing a biodegradable matrix 

for delivery of a bioactive substance to scar tissue 
is provided. A biodegradable matrix comprising hu- 
man albumin-heparin microspheres is prepared 
from albumin-heparin conjugates (Hennick ei af., 
15 "Covalently Bound Conjugates and Albumin and 
Heparin: Synthesis, Fractionation and Characteriza- 
tion." Throm. Res.. Vol. 29. pp. M3. 1983) as 
described by Tomlinson et aL, ("Human Serum 
Albumin Microspheres for Intraarterial Drug Tar- 

20 geting of Cytostatic Compounds, Pharmaceutical 
Aspects and Release Characteristics." in: S,S. Da- 
vis et ai, eds., Microspheres arid Drug Therapy, 
Pharmaceutical, Immunological and Medical As- 
pects, Elsevier. Amsterdam, pp. 75-89, 1984). 

25 Next, human growth hormone (hGH; somatotropin) 
is incorporated into the human albumin-heparin 
microsphere matrix by mixing approximately 50 mg 
of the microspheres and 5 mg of hGH in buffer. 0.5 
ml of 0.1% (wt./wt.) gluteraldehyde in 4.5 ml of 

30 buffer is added to the mixture while mixing gently. 
The mixture is gently mixed at 4*C overnight. The 
reaction of aldehyde is terminated with 50 ml of 
0.1% lysine. Approximately 5 ml of the suspension 
is then injected into the target tissue at multiple 

35 sites until the target tissue is uniformly impreg- 
nated with the controlled release composition. 

Example 2 

40 An example of utilizing a non-biodegradable 

matrix for delivery of the bioactive substance to 
scar tissue is provided. A porous silicon bead ma- 
trix is- plasma treated to introduce -OH groups for 
the immobilization of insulin-like growth factor, 50 

45 mg of insulin-like growth factor is added to a mix- 
ture of 5 g of beads in 15 ml of water. The mixture 
is de-areated under vacuum. Approximately 10 ul 
of diisocyanate is added to the mixture while stir- 
ring. The mixture is stirred for 1 hour at room 

50 temperature. The beads are washed with 50 ml of 
saline solution 5 times. 5 g of beads are then 
suspended in 10 g glycerol. Approximately 2 g of 
the suspension is implanted in the scar tissue at 
multiple sites until the target tissue is uniformly 

55 impregnated with the controlled release suspen- 
sion. 

It should be understood, of course, that the 
foregoing relates only to a preferred embodiment 
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Of the present invention and tWhumerous modi- 
fications or alterations may be made therein with- 
out departing from the spirit and the scope of the 
invention as set forth in the appended claims. 

Claims 

1 A pharmaceutical composition for revitalizing 
scar tissue in a human or animal comprising a 
bioactive material selected from naturally oc- 
curring growth factors, active peptide seg- 
ments of various growth factors, synthetic 
growth factors and admixtures thereof. 

2. The composition of claim 1 , 
characterized in that 

the composition additionally comprises a phar- 
maceutically acceptable controlled release ma- 
trix selected from collagen, gelatin, albumin, 
chondroitin sulfate, hyaluronic acid, hepann, 
oxidized cellulose, dextran. polyglycolic acid, 
polylactic acid and polyanhydride, whereby the 
bioactive material is immobilized in the matnx 
and is present in an amount of 0.01-35% by 
weight based on the total weight of bioactive 
material and matrix. 

3. The composition of any of claims 1 and 2, 
characterized in that 

the composition is mixed with a liquid earner, 
whereby the composition is present in an 
amount of 0.001-23% by weight based on the 
total weight of the mixture. 

4. The composition of any of claims 1-3, 
characterized in that 

the naturally occurring growth factor is growth 
hormone. 

5. The composition of any of claims 1-3, 
characterized in that 

the naturally occurring growth factor is insulin- 
like growth factor. 

6. The composition of any of claims 1-3, 
characterized in that 

the naturally occurring growth factor is platelet- 
derived growth factor. 

7. The composition of any of claims 1-3, 
characterized In that 

the naturally occurring growth factor is trans- 
forming growth factor. 

8. The composition of any of claims 1-3, 
characterized in that 

the bioactive material is fibronectin. 



9. The compositi3IWf any of claims 1 -3, 
characterized in that 

the bioactive material is prostaglandin E. 

5 10. The composition of claim 7. 
characterized in that 

the bioactive material is transforming growth 
factor beta. 

10 11. The composition of claim 7. 
characterized in that 

the bioactive material is transforming growth 
factor alpha. 

75 12. The composition of any of claims 1-10. 
characterized in that 

the carrier is selected from aqueous solutions, 
glycols, nonionic dispersing agents, natural or 
synthetic oils, alcohols and their combinations. 

13 Use of a composition according to any of 
claims 1-12 for the manufacture of a drug for 
revitalizing scar tissue. 
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